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Abstract 
Magnetic-tape-grade chromium dioxide has been prepared by a single step 
synthesis employing hydrothermal decomposition of commercially available 
( 3 0 3 .  Acicular growth is induced by antimony trioxide addition. Enhance- 
ment in magnetic properties has been obtained by using “mineralizers”. The 
material has been characterized, and its magnetic and other properties are 
found to he suitable for use on audio, video, and computer tapes. 
1 Introduction 
For magnetic storage of information, magnetic tapes have been in use. Such 
tapes consist of a coating of oriented particles of a ferromagnetic material on a mylar 
film. Gamma ferric oxide, surface modified y-FezO3, chromium dioxide (CrO,), and 
recently metal and alloy powders (iron and iron- cobalt alloys) have been used for 
making magnetic tapes for audio, video, instrumentation and computer applications. 
Various characteristics of the tapes e.g., signal-to- noise ratio, the maximum den- 
sity of information storable at a particular recording speed, signal output level etc., 
depend primarily on the magnetic characteristics of the material used in the making 
of the tapes. The material should have high values of coercivity (Hc), and retained 
magnetic flux or retentivity (By). The saturation magnetic flux (Bs), which rep- 
resents the maximum flux that can be induced into the material by applying large 
magnetic fields, should also be high. Signal-to-noise ratio of recorded information as 
well as maximum density of recording depend on B,. The ratio B,/B,, referred to 
as squareness determines the magnetisation efficiency. 
To derive the maximum performance out of the magnetic tape, the magnetic 
particles are impregnated longitudinally and parallel to the length of the tape. It 
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is essential that the particles must therefore he acicular with narrow particle-size 
distribution and they must all be well dispersed and well oriented. They must also 
be single domain particles, since the signal-to-noise ratio is inversely proportional to 
the square-root of the number of domains per unit volume of coating on the tape. 
Particles with diameter larger than 100 pm, exhibit multidomain properties; those - 1-10 pm diameter contain a few domains. The particles with diameter of - 0.2 
pm, and length to width ratio greater than 5 contain single-domain and are the best 
materials for use on magnetic recording media. However, particles of much smaller 
diameters (- 0.02 pm) exhibit superparamagnetic behaviour, and are not useful for 
magnetic recording applications. 
The problem of synthesizing a material for high performance magnetic tapes boils 
down to choosing a material with high values of saturation and remanent magenetiza- 
tion moments and coercivity, and preparing it in the form of individual long needles 
with a diameter of about 0.2pm and a length to width ratio, greater than 5.  The 
earliest material used for magnetic tapes was y-Fez03. The next material which was 
discovered in late sixties was CrOz. It is now well known that CrOz has much better 
magnetic characteristics than y-Fez03 particles, and constitutes the particles used on 
superior chrome-tapes. Hence, we undertook the synthesis of CrOz powders suitable 
for use in high performance chrome magnetic tapes as early as 1972. Here we present 
a birds eyeview of this R&D activity which was started in early seventies and culmi- 
nated in the development of a complete process for its synthesis at 5kg-batch level in 
the late eighties. The details of the work have been published from time to time '-", 
and are patented "J2. 
2 Method of preparation of Cr02 
Chromium dioxide has to be synthesized under pressure since it is a metastable 
phase in the Cr -0  system as can be seen in the P-T diagram of the system shown 
in Fig.1. However, once it is prepared, it is fairly stable over long periods . Several 
methods of preparation of CrOZ are known in the literature e.g., decomposition of 
Cr03 under pressure, decomposition of oxides of chromium in which the valency of 
chromium is greater than 4, oxidation of Cr203 or trivalent chromium compounds 
under pressure, decomposition of chromyl chloride and vacuum evaporation tech- 
niques etc. Of these, only two methods have been used for the manufacture of this 
compound on an industrial scale. The first being the Du Pont's process which is 
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based on hydrothermal oxidation of specially prepared CrzO, by Cr0, itself. The 
precursor, Cr203 is obtained by drying a gel of Cr(O11)3. The secoiid process is that 
of hfontedison, Italy which manufactured CrOz by the hydrothermal decomposition 
of chromic chromate CrzjCrO,), prepared by reduction of Cr0,  by boiling methanol. 
This process is now discontinued. In both the methods, the starting materials are 
t,he specially prepared fine powders with appropriate morphology. 
We tried two hydrothermal methods for synthesis of G O ? .  One used CrzOs pre- 
pared by the thermal decomposition of CrO, in the presence of oxygen at 250C, and 
the other employed commercially availahk CrO, as the starting material. The latter 
starting material has the advantage as it provides a single-step process to prepare 
CrOz. Besides this apparent advantage, kilogram level experiments established that 
CrOz prepared from Cr20S had a larger particle size, while that derived from Cr03 
was much finer and possessed much superior magnetic properties. Detailed inves- 
tigations and scale-up to laboratory level experiments of 5kg-batch were therefore 
confined to the hydrothermal decomposition of aqueous slurries of Cr0,. 
The process consisted of charging an autoclave with an open container in which 
Cr0 ,  and HzO are taken in the proper proportions (1:l molar ratio), and heating the 
mixture to the required maximum temperature (in the range of 325-525C). The empty 
space of the autoclave is charged with oxygen gas under a pressure of 7-10MPa. The 
hydrothermal runs were terminated after a holding time of 1/2 - 4h at the designated 
temperature of synthesis. The pressure developed inside during this period was in 
the range of 300-1200 bars (30-120 MPa). The autoclaves used in the reactions were 
made from heat treated EN-24 forged stock. The autoclaves are shown in Fig.2. After 
termination of the reaction, the autoclave is allowed to cool with built-in pressure. 
The product is then recoverd by release of residual pressure, washed in water to 
remove unreacted Cr03, and air-dried. 
In order to induce acicular morphology in the crystals, several growth modifiers are 
used. Twenty different modifiers are known to have been tried by earlier workers. We 
found that antimony oxide, if added to Cr03-HZ0 mixture in the hydrothermal run, 
yields CrOz crystals of the required morphology. The CrOz particles are produced 
by a nucleation and growth mechanism. Addition of certain mineralizers help to 
improve the magnetic properties of the product in particular its coercivity. A surface 
stabilization also needs to be provided to these CrOz particles to prevent their slow 
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reaction with moist air. This reaction releases free chromic acid which is harmful for 
further processing of these powders during magnetic tape manufacture. The surface 
stabilization is done by a chemical reduction treatment to coper t  the outermost layer 
of CrOz to CrzO, or Cr203.Hz0 which provides a protective barrier against moisture. 
Effect of surface stabilization on the ageing of CrOz powders in contact with water 
at, 60C is shown in Fig.3. A SEM picture of a typical final CrO, product is shown in 
Fig.4. 
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Figure 1: The chromium - ozygen phase diagram. 
Figure 2: Autoclaves used f o T  the synthesis of (a) lOOg,  ( b )  1.5kg, and (c) Skg of 
CT@. 
3 Characterization 
The magnetic characteristics of each batch of powders were measured by tracing 
the B-H loop of the powder using a specially designed and fabricated test setup 
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Figure 3: Ageing behaviour of unstabilised and surface stabilised C T O ~  powders zn 
water. Magnetic characteristics of cro2 powders as a function of the time of contact 
with stabilizing solutions (SMBS) of different strengths: (1) unreacted, (2) 3% aq. 
SMBS,  (3) 6% aq. SMBS,  (4)  10% aq. SMBS, and (5) 15% aq. SMBS. 
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comprising of a solid state magnetic field generator and a sensor assembly. Other 
important properties like O/Cr ratio, phase purity (by XRD analysis), specific surface 
area (by BET method), and particle size and shape analysis of Cr02  powders (by 
SEM) were also measured. These properties were used for optimising the conditions 
for the synthesis of magnetic-tape-grade CrO, at 5.0kg-batch scale. The flow diagram 
for synthesis of CrO, by this process is presented in detail in Fig.5. 
Figure 4: SEM picture of typical CrOZ powders 
Fig.6. shows the B-H loop characteristics of the CrO, powder. It is seen that am 
approximately 20% increase in coercivity is brought about by the use of mineralizers. 
The yield of the higher Hc product in a batch is - 30%. The rest of the product 
exhibits an average Hc of 500 Oe. The characteristics of the CrOz powder obtained 
with and without miiieralisers are given in Tables 1 and 2. 
4 Evaluation 
Chromium dioxide powders prepared and characterized by us were also further 
evaluated at our request by M/s Magnex S.P.A., Italy and M/s  TDK Japan to assess 
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Figure 5 :  Flow sheet (schematic) of lab scale process 5 kg/batch 
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Table I : Conditions of hydrothermal synthesis of CrOz from aqueous Cr03  containing 
LiCr04 as modifier/ mineralizer (constant volume experiments). The CrOz : HzO 
was 1 : 1 for all experiments. 
Batch Modifier TJTf PJPf Size of the 
No. (wt %of CrO3) OC bar powder, ( P I  
length width 
171T' A=1.3 25/350 170/400 T=0.3-0.6 T=0.003-0.015 
1718' B=3.3 B=0.3- 1 .O B=0.008-0.025 
c=10.0 
191T** A=1.3 25/350 125/800 same as in 171 
191R** B=3.3 
c=10.0 
233T"* A=1.3 251350 701700 same as in 171 
233M*** B= 0 
2 3 3 B * * * c=7.5 
A-Sb203, B-Fez03, C-Li&03, Ti-initial temperature, TI-final temperature, Pipinitial pressure, Pt- 
final pressure, * 100 g lot experiment, ** 1.5 kg lot experiment, *** 5 . 5  kg lot, experiment. The 
hold period at Ti in all cases was 1 hour at Tj.  T- top, M-middle and B-bottom portion of the 
final product 
their suitability for making magnetic tapes. Our material compares well with the 
commercial Du Pont CrOz powder. M/s  TDK, Japan found our powders suitable 
for audio and video applications. The overall quality of powders prepared by our 
process as rompared to the various grades of Du Pont Cr02 powders are summarized 
in Table 111. The process is now being negotiated for setting up an industrial unit in 
the joint sector to produce 180 tons/year of this product for production of chrome 
magnetic tapes in the country. 
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Table 2: Coercivity (Hc), specific remnance (u?) and specific saturation magnetisa- 
tion (us)  of CrOz powders obtained by hydrothermal decomposition of Cr03 using 
Li2CrO4 as modifier/ mineralizer. 
Sample HC (Oe) c7* (emu/g) US** (emu/g) 
171T 600 f 25 37 f 3 80 f 3 
171B 560 f 25 33 f 3 80 f 3 
191T 595 f 25 36 f 3 83 f 3 
191B 560 f 25 35 f 3 88 f 3 
233T 550 f 25 36 f 3 88 f 3 
233M 540 f 25 35 * 3 80 f 3 
233B 475 f 25 32 f 3 80 f 3 
* obtained from a B-H loop tracer. ** the saturation field ranges from 2500 to 3000 Oe 
Table 3: Properties of NAL developed CrOz powders in comparison with the Du 
Pont’s CrOz powder (International quality). 
Du Pont’s CrOz powders NAL’s 
Property of and application areas CrOz 
the powder powder 
Coercivity (Oe) 485-540 470-650 470-670 500-700 
Saturation moment (emu/g) 70-75 65-75 65-75 70-77 
Remanent moment (emu/g) ’ 30-35 30-35 30-35 30-34 
Tap density (g/cm3) 0.8-1.0 0.8-1.0 0.8-1.0 0.8-1.0 
Particle length (pm) 0.4-0.5 0.3-0.4 0.3-0.4 0.3-0.6 
Specific gravity 4.8-4.9 4.8-4.9 4.8-4.9 4.8-4.9 
Specific surface area (mz/g) 24-30 25-35 25-35 25-34 
Audio video Computer 
Moisture (% max.) 0.5-0.7 0.4-0.7 0.4-0.7 0.5-0.7 
pH at 25C 3.4-3.6 3.4-3.6 3.4-3.6 3.3-3.5 
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Figure 6: 8 - H  loop characteristics of CrOz powders (solid line) without minerliters 
and (broken line) with mineralizer. 
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